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Background of the Invention 

Herpes virus Infections, though known, are 
difficult to treat because of the lack of effective drugs. 
An effective anti-herpes drug could be used in the treatment 
or prevention of herpes dermatitis, herpes genitalis, herpes 
keratitis, herpes encephalitis and as provided by the 
present invention, herpes simplex virus. Although herpes 
simplex is a very common, though minor disease, the only 
basic treatment presently available Is the application of 
5-iodo-2' -deoxuridine (idoxuridine) . 

Detailed Description of the Invention 

This invention relates to a method of treating 
herpes simplex infections (i # e # , types 1 and 2) in warm- 
blooded animals comprising administering to such infected 
animals an amide of phosphonoacetic acid of the formula 

0 0 
N T 
R — N — C— CH 2 — P — OH 

r' \m (i) 

wherein R Is C2-C 10 alkyl, Cj-Cg cycloalkyl, benzyl, or 
adamantyl; and R* is H or C2-CiQalkyl, or its inorganic salts. 

The amide compounds are active against herpes 

simplex virus in vivo when administered either as the acid 

or the alkali metal salts, particularly the sodium and 

ammonium salts. The compounds are preferably administered 

topically, but can also be administered orally. 

-2- 



1108131 



Background of the Invention 

Herpes virus infections, though known, are 
difficult to treat because of the lack of effective drugs. 
An effective anti-herpes drug could be used in the treatment 
or prevention of herpes dermatitis, herpes genitalis, herpes 
keratitis, herpes encephalitis and as provided by the 
present invention, herpes simplex virus. Although herpes 
simplex is a very common, though minor disease, the only 
basic treatment presently available is the application of 
5-iodo-2* -deoxuridine (idoxuridine) . 

Detailed Description of the Invention 

This invention relates to a method of treating 
herpes simplex infections (i.e., types 1 and 2) in warm- 
blooded animals comprising administering to such infected 
animals an amide of phosphonoacetic acid of the formula 

0 0 
II T 
R— N — C— CH 2 — P— OH 

r' lm (i) 

wherein R is C2-C 10 alkyl, C 3 -C 8 cycloalkyl, benzyl, or 
adamantyl; and R* is H or C2-C 1 o*lkyl# or its inorganic salts. 

The amide compounds are active against herpes 

simplex virus in vivo when administered either as the acid 

or the alkali metal salts, particularly the sodium and 

ammonium salts. The compounds are preferably administered 

topically, but can also be administered orally. 

-2- 



# 



} 1108131 

Because the herpes viruses depend for replication 
upon a unique DNA polymerase independent from the DNA poly- 
merase of the mammalian host, growth of the virus. may be 
stopped by inhibiting this necessary enzyme. These amides 
of phosphonoacetic acid are potent inhibitors of the enzyme. 

Th?5 present amides of phosphonoacetic acid (PA) may 
be prepared by two methods. In the first method, Method (A) , 
monoalfcyl (alkylcarbamoy lmeth, phosphonate (as described in 
U.S. Patent No. J, 066, 140, granted November 27, 1962) is sus- 
pended in 25% hydrogen bromide in glacial acetic acid (1 g/10 ml) 
The mixture is allowed to stand at room 'temperature overnight and 
then is concentrated to a viscous oil under reduced pressure. 
Upon addition of an appropriate solvent, such as methanol, the 
compound crystallizes. Method A (where R - alkyl and R* - H) is 
illustrated by the following equation: 

OK- acid k' J,H 

wherein R and R • are as defined above. 

In the second method. Method (B) , an appropriate amine 
and dimethyl (carboxy methyl) phosphonate are dissolved in 100 
ml. of methylene chloride. 

As the solution is stirred, dicyclohexylcarbodiimide is added, 
portionwise. The solution is then stirred overnight 
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and subsequently the dicyclohexylurea is filtered therefrom. 
Following the filtration, the filtrate is concentrated to 
a solid, treated with hydrogen bromide in acetic acid jmd 
then recrystalltzed from an appropriate solvent such as 
methanol. Method (3) is illustrated by the following flow 
diagram: 0 0 0 0 



R-NH + HOC-CH 2 -P-OCH 3 R-N-C-CH 2 -j> 

o o 



R' 



och 3 z z fc» 0CH3 



R-N-C-CH 2 -£-0H , HBr-acetic acid 
R* OH 
wherein R and R' are as defined above. 

The amides of phospbonoacetic acid that may be 

prepared according to Method (A), as described and 

illustrated above, include: 

II. Z"(Propyl c arbaa>oyl)methyl7phosphonic acid 

CH 3 (CH 2 )2. J .? 

N-C-CH 9 -P-0H 

•or oh 

III. Z"(Butylcarbamoyl)methyI7phosphonic acid 

CH 3 (CH 2 )o 0 0 

J \ v It 
. N-C-CHn-P-OH 
* / 

H OH 
IV. Z"(0ctylcarbamoyl)methyl7phosphonic acid 

CH 3 (CH 2 ) 7> ^ 0 0 

;n-c-ch 2 -p-oh 



OH 



I* 
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and those that may be prepared according to 
Method (B), as described and illustrated above, 

include : 

V . C(Cyc lohexy lcarbamoy 1) methy Uphosphcmic 
acid 

CXS ! 

N-C-CHo-P-OH 
H OH 

VI. Z^Benzylcarbamoyl)methyi7phosphonic acid 

O- CH2 > 



0 0 

I' If 

:n-c-ch ? -p-oh 

OH 



VII. /"(t-Butylcarbamoyl) methy l7phosphonic acid 
CH 3 - 



AtX 0 0 
CH 3\ || „ 

/N-C-CH 9 -P-0H 
H OH 



VIII. Z"(AdamantyIcarbamoyl) methy l7phosphonlc acid 

0 0 0 

^N-C-CH 2 -P-0H 
OH 

IX. Z"(Diethylcarbamoyl) methy l7phosphonic acid 

CH 3 CH 2 0 J 

":n-c-ch 2 -p-oh 

CH 3 CH 2 I h 



-5- 
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The following examples further Illustrate the 
pr e s en t invent ion . 

Example 1 

^Propylcarbamoyl)methyl7phosphonic acid (II) 
1 g. of Monomethyl propylcarbamoylmethylphosphonate 
was suspended in 10 ml. of hydrogen bromide In glacial acetic 
acid. The solution was allowed to stand overnight at room 
temperature. The solution was then concentrated to a 
viscous oil under reduced pressure. Upon the addition 
of methanol, the compound crystallized; m.p. 155-160*C. ; 
yield, 471. 

Analysis Calcd. for C 5 H 12 NO A P: C, 33.15; H, 6.68; N, 7.73 

Found: C, 33.3.6; H, 6.97; N, 7.87 

Example 2 

/^Butylcarbamoyl)methyl7pho8phonic acid (III) 

^(Butylcarbamoyl)methyl7phosphonic acid was obtained 
by using the procedure described In Example 1, above, except 
monomethyl butylcarbamoylmethylphosphonate was used in place 
of monopropyl (carbamoylmethyl)phosphonate. m.p. 115-25°C; 
yield, 697.. 

Analysis Calcd. for C 6 H 14 N0 4 P: C, 36.93; H, 7.23; N, 7.18 

Found: C, 36.53; H, 7.54; N, 7.42 



4 
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Example 3 

[(OctvlearbamoyDB.ethYllp hosphonle acid" /Tin 

The compound, I (octylc«rb«noyl) M ethyl]pho,phonic acid va. 
obtained by *, ln , the precedure d „ crlbed ^ ^ ^ ^ ^ 

monomethyl ~tylcarbaaoyl«ethylphosphonat.. Th. compound ... 
crystalled from 1 H-hydrochloric acid, ..p. 142-43<>C., yl.ld, 22%. 
Analysis Calcd. Tor C^ho^ c , 47>80 , ^ . ^ $ ^ 

Found: C , 47. S2, H, 9.00, H.5.56 

Example 4 

C (Cyc lohexvl c. r^^ yl) actnvl , p ho Sphonle aeid , „ 
Cyclohexyl a-i„e (0.045 mole) and diethyl (carboxy^thyl, 
phosphonate (0.04 nole ) W re dis80lved 1QQ ^ q£ 

As tbe solution .as stirred, dicyoloh.xylcarbodii.id. (0.04S mol.) 
added portionvise. The ^ lutlon waa atlrred ^ ^ 

filtered. The filtrate „ M concentrated ^ ^ ^ hyto ^ 

bromide in aC etic acld to ^ a ^ ^ ^ ^ 

frOB "PP«>Pri*t. solvent such as methanol. 
• ».p. 180-3°C, yield 5.7%. 

Analysis Calcd. for C„H » p. c 4 , ,, , ,„ 

8 16^4 C ' « 3 -* 7 » D, 7.29, N, 6.33 

round: c, 43.19, H, 7.64, N, 6.42 

Example 5 

[(Benrylcar bamoynmet^llDhosp hon^ fyr] 
Benryla-ine (0.045 mole, and dlme^X (carboxys-thyl, pho , phon ^ 
(0.04 mole, .ere dissolved in 100 ml. of .thyl w ., chlerid .. ^ 
solution .a. stirred, dlcyclobexylcarbodiimid. .a. added portion*!... 
»- solution va. -tlrred overnight, and th. mixture filtered. Th. riltr.f 
va, concentrated and then treated with hydros bromide in acetic acid 
- obtain a solid and the solid crystalled from an appropriate solvit - 
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such as methanol. " 
m.p. 130-4°C.| yield 76%, 

Analysis Calcd. for ^H^NC^P: C, 47.17i H, 5.20 t N, 6. XI 

foundt C, 47.50, B, 5.59, H, 6.51 

Example 6 

[ (t-Butylcarbamoyl)methyl]phosphonlc acid (VII) 
Tertiary butyl amine (0.045 mole) and dimethyl -(carboxymethyl) 
phcsphonate (0.04 mole) were dissolved in 100 ml. of methylene chloride. 
As the solution was stirred, dicyclohexylcarbodiimide was added portion- 
wis*;. The solution was stirred overnight and the mixture filtered. The 
filtrate was concentrated and then treated with hydrooen bromide in acetic 
acid to obtain a solid.- it was recrystallized from an appropriate solvent 
•such methanol, m.p. 163-5°C. , yield, 61%. 
Analyses Calcd. for C^NC^P: C, 35.46, B, 7.25, H, 6.77 

Found: C, 35.30, B, 7.04, N, 6.86 

Example 7 

r (Adamantylc arbamoy 1 ) methyl I pho aphonic acid (Villi) 
Adaaantylamino (0.045 mole) and dimethyl (caxboxymethyl)phosphonati 
(0.04 mole) were dissolved in 100 ml. of methylene chloride. As the ' 
solution was stirred, dicyclohexylcarbodiimide was added portiomrlse. 
The solution was stirred overaignt, . and the mixture filtered. The 
filtrate was concentrated and then treated with hydrogen bromide in 
acetic acid to obtain a solid. It was recrystallixed from an appropriate 
solvent such as methanol, 
m.p. 190-4°C. , yield, 32%. 

Analysis Calcd. for C^H^TO^, C , 52.35, B, 0.06, W, 5.09 

Foundx C, 52.74, B, 7,78, B, 5.09 
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Example 8 

((Dl thylcarbamoyl)methyl1phosphonlc acid (IX) 
Diethylamine (0.045 mole) and dimethyl (carboxymethyi; 
phosphonate (0.04 mole) vera dissolved In 100 ml. of methylene 
chloride. As the solution was stirred, dicyclohexylcarbodiisiide was added 
portionwise. The solution was stirred overnight and the fixture was 
filtered. The filtrate was concentrated and then treated with hydrogen 
bromide in acetic acid to obtain a solid. It was recrystallired from an 
appropriate solvent such as methanol. 

Analysis Calcd. for CgH^NO^: C, 36.09; H, 7.23i N, 7.18 

Foundx C, 36.92i H, 7.53j N, 7.15 
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Example 9 

jes Simp l ex Viruses 

Isolation and Purification of Herpes Simplex Type 2 
Deoxyribonucleic Ac id (DMA) Polymerase 

Herpes virus infected Wl-38 cells were grown and 
harvested when 257. of the cells showed cytopathic effect of 
the virus. The DNA polymerase was isolated according to 
the procedure of Smith and Gallo (1972) which involved 
column chromatography on DEAE-cellulose and phosphocelluloae. 
However, buffer containing 207. glyceryl instead of 10% was 
used. The final enzyme preparation has a specific activity 
of 313 units/mg. for herpes simplex virus type 2. 

Viral Deoxyribonucleic Acid f nNA) Polymerase Assay 
The reaction mixture (0.2 ml.) contains 10 >tff 
of 2 '-deoxyadenoslne-5' -triphosphate, 2»-deoxycytidine-5'- 
triphosphate, 2 » -deoxyguanosine-5 '-triphosphate, and 2.5 uM 
tritium labeled thymidine-5 ' -triphosphate which was 
appropriately diluted with unlabeled dTTP to give 880 counts 

-10- 
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per minute per pico-mole, 10 ug of activated calf thymus 
DNA, 50 mM Tris-HCl buffer (pH 8.0), 3mM MgCl 2 , 100 mM KC1 
and 1 mM dithiothritol. The amounts of enzyme used in each 
reaction was chosen to give a linear rate for at least 30 
minutes at 37°C. The reaction was terminated by the addition 
of 3 ml. of cold 57. trichloracetic acid - 0.01 M sodium 
pyrophosphate. The acid- insoluble material was collected, 
washed twice on glass filter discs (Reeve Angel 984-H) and 
the incorporated %-dTMP was determined by a liquid 
scintillation counter. 

The effect of each of the compounds in the 
inhibition of Herpes simplex type 2 deoxyribonucleic 
acid (DNA) is recorded below in Table I: 

TABLE I 

Percent 

Compound Concentration (ug/ml) Inhibition 

SOX 
501 
50% 
SOX 
50X 
SOX 
50X 



II >166 

III 2 

IV >166 

V 5.9 

VI >166 

VII >166 

VIII 16.6 
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Example 10 
Cutaneous Herpes Test In Mice 
Twenty grams, female, CF mice, under light ether 
anesthesia, had a 20 -mm square area of their back plucked 
free of hair. Herpes virus, type 2, (10 7#0 TClD 5 o/ml) was 
applied topically (0.05 ml.) to the denuded skin and 
impregnated into the dermis with a 24-gauge sterile hypo- 
dermic needle. 

Herpes lesions or vesicles developed in 3 to 5 days. 
The lesions formed bands which extended over the denuded 
area. After 10 days the mice developed a paralysis which 
usually resulted in the death of the animal. The test was 
allowed to continue for a total of 17 days. 

The mice which were treated topically had the 
phosphonoacetic amide applied to the site of infection as 
a 27* aqueous suspension two hours after the virus was 
introduced into the skin, and then twice daily for five 
consecutive days. The drug was applied a total of 11 times. 
A single application of a 21 suspension of the phosphonoacetic 
amide delivered approximately 2 mg. of material. The total 
dosage to a test mouse was therefore 2 mg. x 11 - 22 mg. 

Mice treated orally received the phosphonoacetic 
amide by gavage. The first medication was administered two 
hours after the virus was applied to the skin. Medication 
was continued, twice daily, for six consecutive days. The 

-12- 
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mice were medicated a total of 11 times during the course 
of the experiment. The usual dosage was 800 mg./kg./day 
for a total dosage per mouse of 96 mg. 

Efficacy of Present Drugs 

The Mann-Whitney "U" TestC 1 ), used to statistically 
analyze the herpes infection in mice made paired comparisons 
between the treated and control groups. Only those groups 
that showed statistically significant differences (p ± .10) 
from the virus control group were labeled "active". 

Ranks were evaluated on the basis of severity of 
infection for each mouse according to a "severity scale" 
(death, paralysis, lesion) and the time when the sign occurred. 
The final score of an animal provided his "rank". The time 
of occurrence of a sign was used to break "ties" in the 
final score. 

The results of the tests are recorded below in 

Table II. 

TABLE II 
Herpes Test In Mice 
Compound Route of Administration P 

11 Topical 0.05 

III Topical 0.05 

IV /Topical 0.10 

^ 0ral °- 05 

(1) 



Siegal, S. Non-Parametric Statistics for the Behavioral 
Sciences McGraw Hall (1956) p. 116. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. A method for preparing an amide of phosphonoacetic 

acid of the formula 

0 0 

II T 

R — N — C — CH.5 — P — OH 

R' 6h 

wherein R is C 2 -C 1Q alkyl , C 3 -Cg cycloalkyl, benzyl, or adamantyl ; 
and R 1 is H or C 2 -C 10 alkyl and pharmaceutically acceptable 
inorganic salts thereof; which comprises the steps of (a) 
reacting an amine of the formula 

R— -NH 

| wherein R and R f are as defined 
R 1 

above with dimethyl ( carboxyme thyl) phosphonate in an organic 
solvent in the presence of dicyclohexylcarbodiimide , (b) filter- 
ing reaction mixture and (c) treating the filtrate with hydrogen 
bromide in acetic acid to provide the desired product. 

2. The process defined in claim 1 including the step of 
preparing a pharmaceutically acceptable inorganic salt of the 
acid thus obtained. 

3. The process defined in claim 1 wherein the amine reactant 
is cyciohexyl amine and the product obtained is { (cyclohexyl- 
carbamoyl) methyl } phosphonic acid. 

4. The process defined in claim 1 wherein the amine reactant 
is benzylamine and zhe product is { (benzylcarbamoyl) methyl} phos- 
phonic acid. 

5. The process defined in claim 1 wherein the amine is 
tertiarybutylamine and the product is { ( t-butylcarbamoyl) methyl} 
phosphonic acid. 

6. The process defined in claim 1 wherein the amine ia 
adamantylamine and the product is { (adamantyl carbamoyl ) methyl } 
phosphonic acid. 

7. The process defined in claim 1 wherein the amine ia 

14 
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diethylamine and the product is I (die thy 1 carbamoyl ) roe thy 1 } 
phosphonic acid. 

8. An amide of phosphonoacetic acid of the formula 

0 0 

II T 

R — N — C — CHm — P — OH 

r 

R f OH 

an.: its pharmaceutical^ acceptable inorganic salts, wherein 
R and R* are as defined in claim 1, whenever prepared or 
produced by the process defined in claim 1 or 2 or by the 
obvious chemical equivalent. 

9. { (Cyclohexylcarbamoyl) methyl} phosphonic acid, whenever 
prepared or produced by the process defined in claim 3 or by 
the obvious chemical equivalent. 

10. { (Benzylcarbamoyl) methyl }phosphonic acid, whenever pre- 
pared or produced by the process defined in claim 4 or by the 
obvious chemical equivalent. 

11. { (t-Butylcarbaxnoyl) methyl }phosphonic acid, whenever pre- 
pared or produced by the process defined in claim 5 or by the 
obvious chemical equivalent. 

12. { (Adamantylcarbamoyl)methyl}phosphonic *cid, whenever pre- 
pared or produced by the process defined in claim 6* or by the 
obvious chemical equivalent. 

13. { (Die thy lcarbamoyl) methyl }phosphonic acid, whenever pre- 
pared or produced by the process defined in claim 7 or by the 
obvious chemical equivalent. 
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